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BLOOD PRESSURE MONITORING SYSTEM 

This application is a continuation, of application Ser. 
No. 702,226 ?led 2/21/85 now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to blood pressure measurement 
in general and in particular to automatic blood pressure 
monitoring systems. Still more particularly, this inven 
tion relates to methods and apparatus for accurately 
monitoring blood pressure during stress testing or other 
physical activity as well as when quiescent. 
One of the major medical problems facing the public 

today is associated with the lack of control of abnormal 
blood pressure. Indeed, hypertension is a leading cause 
of disease and death in the United States and it has been 
estimated that over ?fteen percent of the United States 
population has hypertension at present, controlled by 
intermittent oral therapy or emergency intravenous 
medication. 
For control of abnormal blood pressure, accurate and 

dependable measurement of blood pressure is necessary 
both to determine the presence of a problem and for 
monitoring the pressure to assure alleviation or control 
of such problem. In particular, it is highly useful for the 
medical practitioner to determine a patient’s blood pres 
sure during physical activity such as during a diagnostic 
stress test; however, such testing generally results in 
severe and frequent arm'motions which generate a large 
number of false signals known as motion artifacts. 
As a result of the problems generated by these motion 

artifacts, numerous attempts have been made to provide 
an apparatus for measuring systolic and diastolic blood 
pressure during such testing in which artifact informa 
tion may be substantially eliminated from Korotkov 
sound signals which are employed to determine blood 
pressure. One example of such a system is disclosed in 
US. Pat. No. 4,408,614, issued to Charles S. Weaver et ‘ 
al. Weaver et provides an automatic computer-imple 
mented technique for identifying and eliminating false 
outputs from a Korotkov vsound detector included in a 
blood pressure measuring system or the like which is' 
adapted for use during stress testing. The Weaver et al 
patent discloses a method bywhich a group of points of 
data may be operated on to delete suspected artifact 
points and enhance the accuracy of blood pressure mea 
surement. . , 

A second example of blood pressure measurement is 
disclosed in US. Pat. No. 4,425,920, issued to Bourland 
et a1. Bourland et al discloses an apparatus and method 
for the measurement and control of blood pressure in 
which blood pressure is indirectly monitored without 
the use of a pressure transducer by sensing the pulse 
transit time to different sites within an artery. The tran 
sit time is inversely related to the blood pressure and 
pulses which are developed therefrom are utilized to 
form arterial pulse waves, the comparison between 
which provides an indication of measured blood pres 
sure. 

While known systems do generally provide some 
degree of enhanced accuracy due to partial elimination 
of motion artifact, it is generally accepted that an im 
proved blood pressure monitoring system which may 
be utilized during diagnostic stress testing would be 
highly desired. 
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SUMMARY OF THE INVENTION 

It is therefore one object of the present invention to 
provide an improved blood pressure monitoring system. 

It is another object of the present invention to pro 
vide an improved blood pressure monitoring system 
which minimizes false outputs caused by motion arti 
facts. 

It is still another object of the present invention to 
provide an improved blood pressure monitoring system 
which permits variable de?ation of the blood pressure 
cuff to permit maximum accuracy or minimum mea 
surement time. 

It is another object of the present invention to pro 
vide an improved blood pressure monitoring system 
which includes means for selecting one of a plurality of 
electrocardiographic Leads to be utilized as a trigger 
signal by analyzing the signal to noise ratio of each 
electrocardiographic Lead. 

It is still another object of the present invention to 
provide an improved blood pressure monitoring system 
which selects the in?ation pressure, de?ation rate, and 
exhaust pressure of the blood pressure cuff based upon 
previous measurements of the patient’s systolic and 
diastolic blood pressure. 
The foregoing objects are achieved as is now de 

scribed. The blood pressure monitoring system of the 
present invention includes an in?atable cuff utilized in 
conjunction with a controllable electric air pump and 
de?ation valve. Audio transducers are utilized to detect 
pulse sound at the proximal and distal edges of the in 
?atable cuff and pulse sound amplitudes as well as the 
time delay between pulse sounds proximal to the cuff 
and distal to the cuff are determined. Pulse sound ampli 
tudes are then multiplied by time dealy values for se 
lected cuff pressures to generate a greatly enhanced 
blood pressure evaluation curve. In a pre_ferred mode of 
the present invention digital filters and statistical analy 
sis are then employed to determine systolic and diastolic 
blood pressure from the evaluation curve. Further 
novel features of the blood pressure monitoring system 
of the present invention include the ability of the system 
to select a trigger signal from multiple electrocardio 
graphic Leads by selecting the particular electrocardio 
graphic Lead with the least amount of noise present and 
the capability of modifying the in?ation pressure and 
de?ation rate of the cuff to permit either maximum 
accuracy or minimum measurement time during opera 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the in 
vention are set forth in the appended claims. The inven 
tion itself, however, as well as a preferred mode of use, 
further objects and advantages thereof, will best be 
understood by reference to the following detailed de 
scription of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 
FIG. 1 depicts a diagrammatic view of a patient un 

dergoing a diagnostic stress test utilizing the blood pres 
sure monitoring system of the present invention; 
FIG. 2 depicts an enlarged view of the electronic unit 

of the blood pressure monitoring system of the present 
invention which illustrates the connections between the 
patient and the blood pressure monitoring system of the 
present invention; 
FIG. 3 depicts a block diagram of the blood pressure 

monitoring system of the present invention; 
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FIG. 4A depicts a graph of pulse sound amplitudes 
plotted versus cuff pressures when utilizing the novel 
blood pressure monitoring system of the present inven 
tion; 
FIG. 4B depicts a graph of the time delay between 

pulse sound detected proximal to the blood pressure 
cuff and the pulse sound detected distal to the blood 
pressure cuff versus cuff pressure when utilizing the 
novel blood pressure monitoring system of the present 
invention; 
FIG. 4C depicts a graph of a blood pressure evalua 

tion curve which is obtained by determining the prod 
uct of the pulse amplitudes depicted in FIG. 4A and the 
time delays depicted in FIG. 413 versus cuff pressure 
with the novel blood pressure monitoring system of the 
present invention; and 
FIG. 4D depicts a graph of a blood pressure evalua 

tion curve similar to FIG. 4C wherein large artifact 
errors are present. 
FIGS. 5A, 5B and 5C depict a logic ?ow diagram for 

the operation of the novel blood pressure monitor sys 
tem of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

With reference now to the ?gures and in particular 
with reference to FIG. 1, there is depicted a diagram 
matic view of a patient stress test utilizing blood pres 
sure monitoring system 10 of the present invention. As 
can be seen, blood pressure monitoring system 10 in 
cludes an electronic unit 20 which is coupled to patient 
12 utilizing a plurality of electrocardiographic elec 
trodes 32, 33, 34 and 36 and which also includes an 
in?atable cuff 22. Flexible air tube 24 is coupled to 
in?atable cuff 22 and is utilized in conjunction with an 
electric air pump (not shown) and a controllable de?a 
tion valve (not shown) to in?ate and de?ate in?atable 
cuff 22 within a range of pressures within which Korot 
kov sounds are produced. As is typical in diagnostic 
stress testing, patient 12 is depicted walking on a tread 
mill 26 and in all probability, the patient’s arms will be 
moving, generating so~called “artifact noise” which 
will render accurate measurement of blood pressure 
highly difficult. Concealed within in?atable cuff 22 are 
two audio transducers (not shown) which are utilized to 
convert pulse sounds to electric signals. These signals 
are then coupled to electronic unit 20 by means ‘of wires 
28 and 30, as will be illustrated herein. 

Referring now to FIG. 2, there is depicted an en 
larged view of electronic unit 20 of blood pressure 
monitoring system 10 of the present invention which 
clearly demonstrates the connections between patient 
12 and blood pressure monitoring system 10. As may be 
seen clearly, electrocardiographic electrodes 32, 33, 34 
and 36 are coupled to electronic unit 20 by means of 
wires 14, 15, 16 and 18 and serve to generate three 
electrocardiographic Lead signals. As will be explained 
in greater detail herein, electronic unit 20 then selects an 
optimum Lead from among the electrocardiographic 
Leads to be utilized as a trigger signal. Depicted within 
inflatable cuff 22 are two audio transducers 40 and 38. 
Audio transducer 40 is referred to as the proximal audio 
transducer and is located near or proximate to the pa 
tient’s body, along the proximal edge of in?atable cuff 
22. Audio transducer 38 is referred to as the distal audio 
transducer and is located away from the patient’s body 
along the distal edge of in?atable cuff 22. As can be 
seen, electronic unit 20 includes a front panel 42 upon 
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4 
which systolic and diastolic pressure as well as elapsed 
time, pulse rate and interval between blood pressure 
measurements may be displayed. Additionally, elec 
tronics unit 20 also includes a plurality of switches 
which permit the various modes of operation to be 
selected. 
With reference now to FIG. 3, there is depicted a 

simpli?ed block diagram of blood pressure monitoring 
system 10 of the present invention. Where possible, the 
elements within the block diagram of FIG. 3 have been 
given the same reference numerals as utilized in FIGS. 
1 and 2. As can be seen, blood pressure monitoring 
system 10 utilizes a microprocessor to control the oper 
ation of the system. In a preferred embodiment of the 
present invention, microprocessor 44 is an MC68000 
microprocessor and is utilized in conjunction with 
clock 46 which provides an 8 megahertz clock output. 
Interrupt decode 48 and memory decode 50 are utilized 
in conjunction with microprocessor 44. Interrupt de 
code 48 includes interrupt decode logic and system 
reset logic. Memory decode 50 is utilized to permit data 
stored in memory to be addressed and buffered for 
access by microprocessor 44. 

Microprocessor 44 is capable of addressing both read 
only-memory 52 and random-access-memory 54. In a 
preferred embodiment of the present invention, 128 K 
bytes are provided in both read-only-memory and ran 
dom-access-memory. A real~time clock is provided and 
coupled to microprocessor 44 along bus 56. Real-time 
clock 58 is utilized to permit the actual time and date of 
a particular test to be stored in memory with the data 
resulting from that test. A battery 60 is also provided to 
ensure that real-time clock 58 does not need to be peri 
odically reset should power to blood pressure monitor 
ing system 10 be interrupted. 
As disclosed in FIG. 2, the front panel 42 of elec 

tronic unit 20 includes both displays 62, QED indicators 
64 and switches 66 which permit the various modes of 
operation to be selected. Additionally, a tone generator 
68 is provided and is utilized to generate an alarm tone 
under alarm conditions. 

Air pump and valve ‘control module 70 are utilized to 
in?ate and de?ate in?atable cuff 22. Air pump and 
valve control module 70 preferably controls two elec 
tric air pumps 71 and valves, such as the pump and 
valve module Model No. FN30-S4668, manufactured 
by Cannon Seiki of Japan. Additionally, a bleed valve 
72 and dump valve 74 are provided to permit the pres 
sure within in?atable cuff 22 to be slowly bled off or 
rapidly dumped in the event that the process must begin 
again rapidly or the measurement has been completed. 

Outputs from pressure transducer 76 and audio trans 
ducer 38 and 40 which represent the pressure within 
in?atable cuff 22 and the presence of pulse sounds de 
tected by audio transducers 38 and 40 are coupled to 
multiplexer 78 which is preferably a sixteen channel 
multiplexer which includes analog signal conditioning 
circuitry, channel decode logic and analog control‘ 
logic. The output of multiplexer 78 is then passed to a 
sample and hold circuit and then to a twelve bit analog 
to digital converter 80. ’ 

Electrocardiographic signals from electrodes 32, 34, 
36 and ground lead 33 or external electrocardiographic 
Lead signals 82 may be coupled to electrocardiographic 
trigger circuit 84. Electrocardiographic trigger circuit 

- 84 consists of the electrocardiographic circuitry and a 
?oating lead detector. The ?oating Lead detector peri 
odically samples the electrocardiographic Leads for 60 
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Hertz noise which increases when an electrode becomes 
detached from the patient. By utilizing a comparison 
and selection process to select the one electrocardio 
graphic Lead from a plurality of Leads which repre 
sents the best signal to generate a trigger signal, blood 
pressure monitoring system 10 will not fail should an 
electrocardiographic electrode become dislodged or 
should an unusual amount of noise be present on a par 
ticular Lead. Additionally, this process includes means 
for detecting the absence or presence of an electrocar 
diographic signal so that should an electrocardio 
graphic signal be lost electrocardiographic trigger cir 
cuit 84 may immediately switch to a second electrocar 
diographic Lead to continue blood pressure measure 
ment. Additionally, a particular electrocardiographic 
Lead may be user selected by a programmed switch 
located on front panel 42. 
A programmable timer 86 such as Model MC146818 

integrated circuit timer is also provided to permit blood 
pressure monitoring system 10 to accurately and cor 
rectly determine intervals between successive blood 
pressure measurements. Finally, blood pressure moni 
toring system 10 also includes several output ports to 
permit data from blood pressure monitoring system 10 
to be coupled to a variety of devices. Included among 
these output ports are RS-232 port 88 which preferably 
is implemented utilizing an MC6850 asynchronous com 
munication interface adaptor, baud rate generator and 
various line drivers and receivers. The baud rate in this 
device is switch selectable from 50 to 19,200 baud and 
thus permits data from blood pressure monitoring sys 
tem 10 to be transmitted serially to another device uti 
lizing a similar port. Next, a general purpose interface 
circuit which utilizes a standard IEEE-488 connector 
90 is also provided to permit blood pressure monitoring 
system 10 to communicate with additional devices. 
Finally, a printer output port 92 is also provided so that 
blood pressure measurement data derived by blood 
pressure monitoring system 10 may be coupled to a 
printer to provide hard copy for medical record pur 
poses. 
With reference now to FIG. 4A there is depicted a 

graph of pulse sound amplitudes plotted versus cuff 
pressures. As can be seen, the amplitude of pulse sounds 
detected at distal audio transducer 38 will increase as 
the pressure within in?atable cuff 22 bleeds off. The 
point where the pulse sounds detected at distal audio 
transducer 38 become audible is generally referred to as 
the systolic blood pressure. It should be noted that as 
cuff pressure diminishes further from right to left in the 
graphs of FIG. 4A, that the distal pulse sound ampli 
tudes drop off rapidly at a point which is acknowledged 
to be the diastolic blood pressure. Many blood pressure 
monitoring systems utilize distal pulse sound amplitudes 
to detect both systolic and diastolic blood pressures by 
determining the point at which the distal pulse sound 
amplitudes ?rst exceed a given reference value and the 
point thereafter at which the distal pulse sound ampli 
tudes fall below a given reference value. It should be 
noted that the values depicted in FIG. 4a are ideal in 
nature and that in actual practice artifact noises make 
these two points substantially more dif?cult to locate. 

Referring not to FIG. 4B, there is depicted a graph of 
the time delay between a pulse sound detected at the 
proximal audio transducer and the sound generated by 
the same pulse when it reaches the distal audio tran 
ducer. As can be seen, at high cuff pressures a small 
amplitude distal pulse sound is present which occurs at 
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6 
practically the same time as the pulse sound detected by 
the proximal audio transducer. At a point generally 
determined to be the systolic blood pressure the transit 
time or delay between a pulse detected at the proximal 
audio transducer and the same sound detected at the 
distal audio transducer becomes quite high. Thereafter, 
as cuff pressure continues to diminish the time delay 
between the moment a pulse is detected at the proximal 
audio transducer and the moment that pulse is detected 
at the distal audio transducer decreases generally lin 
early to a point where the decrease shifts slightly. That 
point is generally referred to as the diastolic blood pres 
sure. Again, the graph depicted in FIG. 4B is ideal in 
nature and the presence of artifact noise makes this 
method highly dif?cult to utilize to accurately deter 
mine systolic and diastolic blood pressure. 
With reference now to FIG. 4C, there is depicted a 

graph of a novel blood pressure evaluation curve which 
is utilized by blood pressure monitoring system 10 of the 
present invention. The graph in FIG. 4C is obtained by 
multiplying the pulse amplitudes present in FIG. 4A by 
the pulse transit time delay values depicted in graph 4B. 
As may be seen, the combination of these two measure 
ments results in an evaluation curve which includes 
highly distinguishable transitions at the systolic and 
diastolic pressure points. The utilization of this evalua 
tion curve greatly enhances the accuracy of blood pres 
sure monitoring system 10 and permits systolic and 
diastolic pressure to be accurately determined by an 
evaluation of the curve. 

Finally, FIG. 4D depicts a graph of a blood pressure 
evaluation curve similar to that depicted in 4C wherein 
large artifact errors are present. As may be seen, the 
graph depicted in FIG. 4D would make evaluation of 
systolic and diastolic transition points rather dif?cult. In 
order to successfully determine systolic and diastolic 
pressure points when utilizing a curve _similar to that 
depicted in 4D, an additional ?lter and analysis step is 
required to eliminate errors which may be caused by 
artifact noise. 
The analysis of the graph depicted in FIG. 4D is 

accomplished by digital operation on the values de 
picted therein by means of microprocessor 44 (see FIG. 
3). In a preferred embodiment of the present invention 
each cuff pressure point on graph 4D is analyzed utiliz 
ing a so-called “median” ?lter. A median ?lter analyzes 
several successive points and substitutes the median 
value point for the middle point of the analyzed points. 
Five data points are used in this embodiment. In this 
manner, large transitions followed by a recession to 
nominal values will be eliminated. Next, a weighted 
average ?lter may then be applied to achieve further 
smoothing of the curve which results from the utiliza 
tion of the median ?lter. Those ordinarily skilled in the 
art will appreciate that while these two well known 
?ltering techniques are utilized in the depicted embodi 
ment of the present invention that other statistical 
smoothing techniques may be equally advantageous and 
may also be utilized. 

Finally, a statistical analysis approach is utilized to 
analyze the resultant curve to determine the transitions 
points which represent systolic and diastolic pressure. 
Most known blood pressure monitoring systems utilize 
an absolute level which is predetermined and report 
systolic pressure at the ?rst point which occurs above 
this nominal level and diastolic pressure at the ?rst point 
thereafter which occurs below the predetermined level. 
In contrast, blood pressure monitoring system 10 of the 
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present invention utilizes a statistical analysis to deter~ 
mine whether or not a particular rise in the curve repre 
sents the systolic pressure. For example, points along 
the curve are tested until such time as three successive 
points exceed the standard deviation from the curve at 
that point. Thereafter, microprocessor 44 selects the 
second point which exceeded the standard deviation 
and designates that point as the systolic pressure. 

Additionally, a second processing technique is uti 
lized to ensure that the statistical analysis previously 
described does not result in an erroneous reading due to 
a large artifact such as the artifact present at point 92 of 
FIG. 4D. This system sets up estimated systolic and 
diastolic pressures by analyzing the smooth curves of 
the amplitude data and amplitude-delay time~ product 
data. The maximum points along the curves are found 
and then the data point previous to the ?rst three con 
secutive points that are less than some percentage of 
that maximum point becomes the estimated systolic 
pressure. A percentage of ?fty percent for amplitude 
data and a percentage of forty percent for product data 
are used. These become the estimated systolic and dia 
stolic pressures and the determined systolic and dia 
stolic pressure must be within a selected range of the 
estimated systolic and diastolic pressures to permit 
blood pressure monitoring system 10 to accept the de 
termination. 

Finally now referring to FIGS. 5A, 5B, and 5C, there 
is depicted a logic ?ow diagram for the operation of 
blood pressure monitoring system 10 of the present 
invention. 

Processing of blood pressure information is accom 
plished by blood pressure monitoring system 10 and 
initiated by the application of power to electronics unit 
20 of blood pressure monitoring system 10. After power 
has been applied to blood pressure monitoring system 
10 a start routine illustrated in block 100 begins instruc 
tion execution. The address for this routine is fetched by 
microprocessor 44 at the reset exception vector and is 
stored as the initial program counter. The start routine 
the initializes the address registers and reverts program 
execution to the main portion of the program indicated 
in block 102. This portion of the program permits all 
hardware devices to be initialized as indicated in block 
104 and the status register is cleared as indicated in 
block 106. Thereafter, a self test sequence is performed 
as indicated in block 108. In the event the blood pres 
sure monitoring system has‘ failed a self test an error 
message is displayed. 
The self test sequence takes approximately ten sec 

onds to complete and results in a diagnostic message 
when an error occurs during the self test. Additionally, 
a tone alarm will sound for one second to indicate that 
an error in the diagnostic mode has been indicated. 
Among the tests indicated in the diagnostic mode of 

self test are the check ROM test indicated at block 118. 
The check ROM test is a cyclic redundancy check 
(CRC) as indicated in block 120 which is performed on 
the program ROM located at selected byte addresses 
within ROM 52. Additionally, a check RAM routine 
indicated by block 122 is performed and various RAM 
tests indicated by block 124 are performed on speci?c 
byte addresses within random access memory 54. 
The diagnostic mode then tests the power supplies 

present within blood pressure monitoring system 10 and 
individual channels of multiplexer 78 are selected and 
veri?ed for a speci?ed range as indicated in block 126. 
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Data within individual channels of multiplexer 78 are 

then acquired as indicated in block 128 by selecting the 
desired analog signal and converting from analog to 
digital state. 

Blood pressure monitoring system 10 next allows the 
operator to check the displays, alarm LEDS, switch 
LEDS and tone alarm for functionality during the 
check indicated in block 130. Validation of the real time 
clock’s programmable parameters is performed as indi 
cated in block 132 and block 134 and the cuff pressure 
transducer circuitry is tested as indicated in block 136. 
Dump valve 74 and bleed valve 72 are opened at the 
start of this self test in order for the transducer to stabi 
lize prior to the test occurring. The cuff pressure chan 
nel on multiplexer 78 is selected and the output from the 
analog to digital converter 80 is read. This reading 
corresponds to a cuff pressure relatively close to zero. 
Finally, after the cuff pressure has been completely bled 
off, data within the appropriate channel of multiplexer 
78 is acquired for a self test. 

After the self test is complete, the blood pressure 
monitoring system 10 is placed into the standby mode as 
indicated in block 110. 

Operation of blood pressure monitoring system 10 is 
then begun as indicated in block 112 by a routine which 
monitors the user’s selection of front panel control keys 
and switches. A preliminary record of the switch buff 
ers is stored each time the routine is called and the 
switch buffer contents are compared to preliminary 
switch buffer contents to detect the user’s inputs. 

Referring now to FIG. 5B as well as FIG. 5A, addi 
tional logic ?ow chart diagrams are depicted which 
demonstrate the various operational modes of blood 
pressure monitoring system 10. First, the self test may 
be performed again by pressing the self test key as indi 
cated in block 116. Second, the twelve position parame 
ters may be programmed by the programming routine 
as indicated in block 139. Third, the manual mode rou 
tine indicated at block 148 provides for manual opera 
tion of blood pressure monitoring system 10. The man 
ual mode of operation is entered by pressing the manual 
key and then pressing the run key on electronics unit 20. 
After calibrating the cuff pressure as indicated at block 
150 and checking the system as indicated in block 152, 
blood pressure monitoring system 10 will pump in?at 
able cuff 22 up to the operator selected pressure as 
indicated in block 154 and then begin bleeding in?atable 
cuff 22 at a rate of 3 mmHg per second as indicated in 
block 156. This method will terminate when in?atable 
cuff 22 has been de?ated to a pressure below 40 mmHg 
or until the manual stop key has been depressed. Any 
changes in the switch position cause the validate and 
program stops 140 and 142 to be enacted and the switch 
parameter to be updated as indicated in block 144 and 
the new switch parameter thereafter stored per block 
146. 

Next, the rest mode may be utilized to obtain base line 
blood pressure measurements while patient 12 is at rest. 
Base line information from the rest mode is required 
prior to activating the exercise mode. To begin opera 
tion in the rest mode, the operator presses a stop/run 
push button to select the run state which is indicated by 
the lighting of an LED. The preprocess function indi 
cated at block 158 then occurs and a complex sequence 
of events takes place. The pressure transducer 76 is 
calibrated, as indicated in block 150, blood pressure 
monitor system 10’s power supplies are tested as indi 
cated in block 152 and all displays are reset to zero. The 
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Abort “3” procedure is then utilized to determine 
whether or not an electrocardiographic Lead signal is 
present. If the Abort “3” ?ag indicates a loss of electro 
cardiographic signal, the Abort “3” routine, as indi 
cated in block 160, is activated and an alternate electro 
cardiographic Lead is selected as indicated in block 162. 
The selected Lead is monitored as indicated in block 
164 and if Lead selection has been completed micro 
processor 44 will then clear the status register as indi 
cated in block 166 to begin operation. 
Block 168 is then utilized to calculate the interval in 

time of a measurement cycle by adding the current time 
and the interval time setting as established by the opera 
tor. As above, in?atable cuff 22 is then pumped up as 
indicated in block 154 until the pressure within in?at 
able cuff 22 reaches the desired cuff pressure. 
The data acquisition mode- of blood pressure monitor 

ing system 10 indicated by block 170 labeled “Process” 
has several steps in a loop that are performed while the 
cuff is depressurizing. These steps include: (1) waiting 
for an electrocardiographic trigger to occur; (2) ?nding 
a pulse indicated by the proximal audio transducer out 
put signal; (3) ?nding a pulse indicted by the distal audio 
transducer data; (4) ?nding the average cuff pressure 
for that pulse; (5) checking for an arrhythmia or false 
trigger condition; (6) performing a real time sort by cuff 
pressure of the data; (7) checking the cuff pressure 
against the value needed to open the dump valve and 
exit from data acquisition loop; (8) recovering from 
temporary loss of an electrocardiographic signal inter 
rupt if necessary; (9) checking the amplitude of the 
distal pulses and rein?ating the cuff if a large amplitude 
occurs near the beginning of the measurement; and (10) 
checking the amplitude of the proximal pulses and 
aborting the measurement if the amplitude is too low. 
The processing procedure utilized by blood pressure 

monitoring system 10 utilizes a concept of “Window 
ing” in the description of the proximal and distal audio 
transducer data acquisition process. “windowing” is 
the process utilized to reduce the amount of data that is 
examined for each pulse. The size of the window is 
determined by previous data and its location is deter 
mined by a trigger from another event. 
A pulse detected by the proximal audio transducer is 

searched for in a window of the raw proximal audio 
transducer data. The window begins 25 milliseconds 
after the occurrence of an electrocardiographic pulse 
and continues for 250 milliseconds during the ?rst mea 
surement. Thereafter, the duration is adjusted as dis 
cussed below. A subroutine is utilized to find the loca 
tion and peak-to-peak amplitude of the proximal pulse. 
When the proximal pulse has been located and its ampli 
tude stored in memory, the delay time from electrocar 
diographic trigger to proximal pulse is calculated by 
subtracting the location in time of the electrocardio 
graphic trigger from the location in time of the proximal 
pulse in memory and then saving that data. 
The distal pulse is searched for in a window of the 

raw distal audio transducer data. This window begins 
50 milliseconds before the location of the proximal 
pulse that was just found. The distal window is open for 
225 milliseconds. The same subroutine is then utilized to 
find the location and peak-to-peak amplitude of the 
distal pulse. The proximal pulse to distal pulse delay 
time is calculated by subtracting the location in time of 
the proximal pulse from the location in time of the distal 
pulse in memory. The delay time between these two 
pulses and pulse amplitude are then saved. 
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10 
It is well known in the art that the proximal pulse 

diminishes toward the end of a measurement cycle. 
Since the search for the distal pulse is based upon the 
location of the proximal pulse, the loss of the proximal 
pulse must be compensated for. This is accomplished by 
?rst calculating an average of the ?rst ?ve electrocar 
diographic trigger to proximal pulse delay times after 
the fifth pulse has occurred. Beginning with the sixth 
pulse, this average is utilized as the position, relative to 
the electrocardiographic trigger signal, from which to 
search for the distal pulse. 
The next step in the processing loop is to ?nd the cuff 

pressure for a given pulse. An average of the ?fty cuff 
pressure points corresponding to the distal pulse win 
dow is calculated and saved. The calculated avarage 
cuff pressure is then displayed if it is less than the cuff 
pressure of the previous pulse. This check is made to 
prevent the display of temporary changes in cuff pres 
sure. This condition is common during exercise mea 
surements because arm movement can cause large tem 
porary ?uctuations in cuff pressure. 
The process program next checks for an arrhythmia 

condition by examining a ?ag set by the electorcardio 
graphic interrupt handler. This flag is set if the time 
between the last electrocardiographic trigger signal and 
the current electrocardiographic trigger signal is more 
then twenty-?ve percent different than the average. 
This may signal a true arrhythmia or a false trigger. If 
the arrhythmia ?ag is set and the pulse amplitude is near 
the noise level and the cuff pressure is within the previ 
ous systolic to diastolic envelope, that pulse is rejected 
as a probable false trigger pulse. 
The next step in the data acquisition loop is the real 

time ordering of cuff pressure values. This technique is 
employed because of the possibility of a temporary cuff 
pressure increase due to arm movement. Ordering the 
cuff pressures allows for the maximum amount of data 
to be available for blood pressure detection. The real 
time ordering process is best described as a single pass 
of a bubble sort. The technique begins by comparing the 
cuff pressure of the present pulse with the immediately 
preceding average cuff pressure array value. If the pres 
ent cuff pressure is less, no action is needed; if the pres 
ent cuff pressure is equal to the previous value, the 
present value is ignored. If the present value is greater 
than the previous value, the two cuff pressures swap 
positions in the array along with the corresponding 
pulse and delay data. The present value, in its new posi 
tion, is then compared with its new, immediately pre 
ceding value and swapped if necessary. 

Next, the present cuff pressure is compared with the 
predetermined value necessary to open dump valve 74. 
If dump valve 74’s opening value has been reached, an 
external ?ag is set. An internal ?ag is also set that allows 
the data acquisition loop to terminate. 
The next section of the data acquisition processing 

loop attempts to recover from a temporary loss of the 
electrocardiographic signal. If a difference of more than 
20 mmHg exists between the cuff pressure of the present 
and previous pulses, then the cuff is rein?ated to a pres 
sure 10 mmHg greater than the previous cuff pressure 
value. In this way, pulse data that should have been 
acquired during the 20 mmHg gap can be acquired. 

Next, the amplitude of the output of the distal audio 
transducer is then compared with the nominal distal 
pulse threshold for the ?rst ?ve pulses of the measure 
ment. If the distal pulse amplitude is above this thresh 
old, cuff pressure is probably insuf?cient to obtain distal 
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data above the systolic level. If two consecutive distal 
pulses are above the threshold, the cuff is rein?ated to a 
point 30 mmHg above the initial in?ation value. This 
rein?ation may occur twice. If a third rein?'ation is 
necessary, the dump value is opened and a message is 
displayed to the operator. The machine then waits ten 
seconds and re-initiates the measurement procedure. 
The amplitude of the proximal pulse is also compared 

with a noise threshold for the ?rst eight pulses of the 
measurement. The amplitude of the proximal pulses 
should be signi?cant near the beginning of the measure 
ment. A low proximal amplitude could signal a faulty 
audio transducer or poor positioning of the cuff. If three 
consecutive pulses are less than the threshold value, the 
measurement is aborted, and a message is displayed to 
the operator. 

After the pulse data has been collected, the further 
processing of the data consists of several steps in addi 
tion to the actual calculation of blood pressure. In 
cluded among these steps are: (l) adjustment of the 
length of the proximal pulse window for the next cycle; 
(2) multiplying the proximal pulse to distal pulse delay 
time and the corresponding distal pulse amplitude to 
obtain the product data set; (3) median ?ltering the 
distal amplitude data set and the product data set; (4) 
weighted average ?ltering the distal amplitude data set 
and the product data set; (5) determine blood pressure 
from both data sets and display the best results; (6) 
setting the cuff pump up value and the dump valve 
opening value for the next cycle; (7) calculation and 
display of the average heart rate; (8) calculation and 
display of the pulse rate product (PRP); (9) setting of 
maximum systolic and diastolic alarms if necessary; and 
(10) adjustment of the programmable attenuators for the 
next cycle. 
The proximal window length is readjusted during 

processing for the next cycle. This is advantageous 
because the time between the electrocardiographic trig 
ger signal and the proximal pulse can vary widely from 
one cycle to the next. The dynamic quality of the proxi 
mal window length allows the minimum amount of raw 
data processing without sacri?cing ?exibility. The ad 
justed proximal window length is calculated by ?nding 
an average of the ?rst ten electrocardiographic trigger 
signals to proximal pulse delay times and then adding 
100 milliseconds to that average. 
Next, the product data set is generated to determine 

the blood pressure evaluation curve. The product uti 
lized is, as explained above, that of the distal amplitude 
and the proximal pulse to distal pulse delay time for the 
pulse. The proximal to distal delay time is derived by 
subtracting the average electrocardiographic trigger 
signal to proximal pulse delay time from the electrocar 
diographic trigger signal to distal pulse delay time. The 
delay time is calculated in this way because the proxi 
mal pulse diminishes before the distal pulse which 
means that the actual delay time is not reliable. This 
data set is generated for the purpose of ?nding the sys 
tolic pressure. It is well known in the art that the proxi 
mal pulse to distal pulse delay time is greatest at the 
systolic pressure point. This characteristic adds defmi 
tion to the systolic pressure point and therefore in 
creases the reliability of the systolic pressure calcula 
tion. 
The median ?lter and weighted average ?lter are 

then applied to both the amplitude data set and the 
product data set as indicated in block 176. The primary 
function of the median ?lter is to remove single or dou 
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12 
ble point artifacts from the data set. The median ?lter 
does this very well but it can also cause consecutive 
data points to be equal. This can cause the data set to 
have a stairstep appearance. The weighted average 
?lter removes these stairsteps and further smooths the 
data. This ?lter produces a new output data point by 
adding a value to the previous input data point. This 
value is one-half the difference between the current and 
previous input data points. 
Another important feature of blood pressure monitor 

ing system 10 of the present invention is that the cuff 
in?ation value and dump valve opening value may be 
changed from one cycle to the next due to the fact that 
blood pressure may change greatly during a stress test._ 
This is accomplished by adding a value to the systolic 
pressure to obtain the cuff in?ation value for the next 
cycle and by subtracting a value from the diastolic 
pressure to obtain the dump valve opening value for the 
next cycle. An error resulting in a low systolic reading 
can cause successive measurements to be in error due to 
insuf?cient in?ation of in?atable cuff 22. Blood pressure 
monitoring system 10 attempts to avoid this problem by 
comparing the present systolic pressure to the systolic 
pressure from the previous measurements. The over 
pump value is then added to the greater of the two 
pressures. This has the effect of now allowing a single 
poor measurement to affect the in?ation value for the 
next measurement. If blood pressure monitoring system 
10 is in the rest mode a value of 30 mmHg is added to 
the systolic pressure and a value of 20 mmHg is sub 
tracted from the diastolic pressure. If blood pressure 
monitoring system 10 is in the exercise mode, a value of 
50 mmHg is added to the systolic pressure and a value 
of 30 mmHg is subtracted from the diastolic pressure. 

In keeping with the dynamic nature of blood pressure 
monitoring system 10, both proximal and distal audio 
transducers are equipped with software _programmable 
attenuators. This is necessary because the-amplitude of 
the pressure pulse signals increase as heart rate and 
systolic pressure increase and the amplitude decreases 
as the patient returns to normal after exercising. The 
maximum amplitude of the signal detected by the audio 
transducers are utilized to adjust the attenuator setting 
at the end of cycle as indicated in blocks 182 and 184. 
The process of determining the systolic and diastolic 

pressures from each of the two mentioned data sets 
utilized by blood pressure monitoring system 10 begins 
with finding the value and position of the largest distal 
pulse in the data set as indicated in block 172. In the 
product data set, the estimated systolic pressure is gen 
erated by searching the distal pulse data beginning with 
the position of the largest distal pulse and searching 
toward the data with the highest cuff pressure. When 
three consecutive distal data values are found to be less 
than forty percent of the maximum distal pulse value, 
the cuff pressure of that data point immediately preced 
ing the ?rst point below forty percent of the largest 
distal pulse becomes the estimated systolic pressure. 
The estimated diastolic pressure is then found in a simi 
lar manner by examining the distal pulse data beginning 
with the position of the largest distal pulse and search 
ing toward the lowest cuff pressure. Again, individual 
points are examined until such time as three consecutive 
points are found which are below forty percent of the 
largest distal pulse amplitude. The same method is used 
to ?nd the estimated systolic and diastolic pressures in 
the amplitude data set except that the threshold test uses 
a value of ?fty percent. 
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Once the estimated systolic and diastolic pressures 
have been determined, an iterative technique is utilized 
to generate a set of provisional systolic pressures as 
indicated in block 178. To generate the set of provi 
sional systolic pressures, the iterative technique is ap 
plied to the distal pulse data and the analogous cuff 
pressure data beginning with the highest cuff pressure 
and proceeding toward the estimated systolic pressure. 
The provisional diastolic pressures are generated by 
utilizing the iterative technique beginning with the low 
est cuff pressure and proceeding toward the estimated 
diastolic pressure. The iterative technique uses statisti 
cal methods to generate the set of provisional pressures. 
Since the methods used are mathematical in nature, it is 
easier to represent the necessary values in terms of “X” 
and “Y”. In the following discussion, a reference to “X” 
indicates a cuff pressure value and a reference to “Y” 
indicates the analogous distal pulse amplitude. The 
slope and Y intercept calculations are utilized to repre 
sent a “best ?t” line through the data in an X-Y coordi 
nate system. The standard deviation about the slope line 
is used to represent the variation of the data from the 
slope line. An expected value of Y calculation is used to 
make inferences about an actual value of Y. A predic 
tion interval based upon the values of statistical distribu 
tion are utilized to ?nd the departure from normal of the 
distal pulse amplitudes. The statistical method is begun 
by initializing several sums with the X and Y data of the 
?rst three data points. The sums needed for the statisti 
cal calculation consist of the sum of the X values, the 
sum of the Y values, the sum of the squares of the X 
values, the sum of the squares of the Y values and the 
sum of the products of the X and Y values. Next, the 
slope and Y intercept of the regression line and standard 
deviation are calculated. Beginning with the next pair of 
X and Y values, an expected value of Y for the actual 
value of X is calculated. Next, a prediction interval is 
calculated and added to the expected value of Y. This 
sum is the prediction range. It is compared to the actual 
value of Y to determine the disposition of the associated 
X value. 

If the actual value of Y is less than or equal to the 
prediction range, the current X and Y values are added 
to the sums and new slope, Y intercept, and standard 
deviation values are calculated. Then new expected 
value, prediction interval, and prediction range values 
are calculated utilizing the next pair of X and Y values. 

If the actual value of Y is greater than, or deviates 
from, the prediction range, the current X and Y values 
are not added to the sums. Instead, only new expected 
value, prediction interval, and prediction range values 
are calculated utilizing the next pair of X and Y values. 
The prediction range is then compared to theacutal 

value of Y and, as a result, the actions described in one 
of the above two paragraphs are taken. This sequence 
continues until three consecutive actual Y values are 
greater than the prediction range. When three consecu 
tive deviations occur, the provisional value for this 
iteration of the loop is the X value associated with the 
second of the three Y values to deviate. 
Another iteration is then begun by adding to the sums 

the X and Y values of the ?rst of the three points to 
deviate, the calculating new slope, Y intercept, standard 
deviation, expected value, and prediction range values. 
The next Y value, the second point to deviate from the 
previous iteration, is then compared to the prediction 
range and one of the paths described above is taken. 
The second iteration continues until another provisional 
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pressure is found and added to the set. The iterations 
continue until the provisional pressure just found is 
within 5 mmHg of the estimated systolic or diastolic 
pressure. 
Once the set of provisional values is complete, an 

attempt is made to choose the most accurate value as 
the ?nal pressure. As the iterative technique approaches 
the estimated pressure, the provisional values found 
tend to be contiguous data points. This is because the 
distal pulse amplitude increases quickly as the blood 
pressure envelope is approached. The selection of the 
?nal pressure is begun by testing the provisional pres 
sures beginning with the value closest to the estimated 
pressure and testing in reverse order of acquisition. The 
provisional value is rejected if the next provisional 
value is also the next data value in the X data set. The 
rejection process is continued until the next provisional 
value is not the next X value, or until only one provi 
sional value is left. The ?nal pressure is the provisional 
value being tested when the rejection process is 
stopped. 
The iteration technique and provisional value rejec 

tion process described above are utilized for finding the 
systolic pressure and the diastolic pressure. As men 
tioned earlier, the systolic pressure is found by process 
ing the data set from the highest cuff pressure toward 
the estimated systolic pressure, or from the beginning of 
the data set toward the middle. The diastolic pressure is 
found by processing the data from the end of the data 
set toward the middle. Although the process is the same 
in both cases, separate program codes are utilized in the 
preferred embodiment of the present invention because 
the polarity of the comparisons utilized is reversed. 

Various interrupt signals within blood pressure moni 
toring system 10 may be utilized to interrupt the process 
just described. The ?rst such interrupt, depicted as part 
of FIG. 5B, is the electrocardiographic_interrupt indi 
cated at block 250 of FIG. 5B. This interrupt routine 
services the electrocardiographic Leads and is active 
only during the rest or exercise mode of blood pressure 
monitoring system 10’s operation. A valid electrocar 
diographic interrupt check is made each time the rou 
tine is called. Processing is immediately transferred 
back to the point at which the interrput occurred when 
an invalid interrupt has been detected. The electrocar 
diographic interrupt is used to keep a running time 
count of the last six electrocardiographic pulses to de 
termine the intermediate heart rate. This running time 
count includes arrhythmias and is updated every time 
after the ?rst electrocardiographic trigger. The inter 
mediate heart rate value is visible on front panel 42 of 
electronic unit 20 and is updated every two seconds. 
Arrhythmia detection is done after the ?rst three elec 
trocardiographic trigger signals. Thereafter, a running 
three pulse time count is kept and compared to the 
previous running three pulse time count. An arrhythmia 
has occurred when the current pulse time deviates from 
the last pulse time by twenty-?ve percent. This process 
is indicated by block 252. 
A stop/start interrupt as indicated at block 254 of 

FIG. 5C is utilized to change mode operation from stop 
to start or from start to stop each time the user depresses 
and releases the stop/start key. The start mode initiates 
the rest, exercise and manual modes of operation. The 
stop mode halts the activity of the current operation 
except for the self test and programming modes. 

Finally, the real-time clock interrupt signal indicated 
at block 256 of FIG. 5C services two of three possible 
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sources of real-time clock interrupts to microprocessor 
44, the alarm interrupt and the periodic interrupt. 
Alarm interrupts are initiated by the preprocess routine 
which activates a one second interrupt to update the 
elapsed time at the elapsed time display. The elapsed 
time display is disabled and an error message is dis 

' played when an error condition is detected. The elapsed 
time continues to update, but the display retains a user 
message indicating that the operator should check the 
system until the error condition is corrected. If an elec 
trocardiographic trigger Lead is detected as being de 
tached, then the “Abort 2” subroutine indicated at 
block 260 is utilized to delay operation so that a proper 
electrocardiographic Lead may be selected. 

Periodic interrupts are uniquely initiated from vari 
ous routines. A test is made for the routine currently 
activating the interrupt in a top down fashion. After a 
periodic interrupt, data which has been acquired as 
indicated in block 128 is put into two’s complement 
form by the routine indicated at block 258. 

Finally, referring again to FIG. 5B, the process by 
which blood pressure monitoring system 10 selects the 
optimum electrocardiographic Lead con?guration is 
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illustrated. The select lead routine indicated by block 
262 is utilized-to determine which of the three electro 
cardiographic Leads is utilized as a trigger lead. Each of 
the electrocardiographic Leads is analyzed as indicated 
in block 264 to determine which Lead has the largest 
signal to noise ratio. After a particular Lead has been 
detected as having the largest signal to noise ratio, that 
Lead is monitored as indicated in block 266 and utilized 
to generate the electrocardiographic trigger signal. The 
status register is set at block 26%. 
While the logic flow diagrams illustrated in FIGS. 

5A, 5B and 5C are meant to illustrate the operation of 
blood pressure monitoring system 10, those ordinarily 
skilled in the art will appreciate that alternate algo 
rithms may be utilized which will not depart substan 
tially from the spirit and scope of this invention.- A copy 
‘of the source code utilized to operate blood pressure 
monitoring system 10 is attached hereto as Appendix A; 
however, variations in that program may be suggested 
to those ordinarily skilled in the art upon reference to 
this speci?cation and it is comtemplated that the ap 
pended claims will cover these and other modi?cations 
or embodiments that fall within the true scope of this 
invention. 

'exter-n unsigned long CURRENT_INT_TIHE, PREUIUUS_INT_TINE; 

extern int IU_CDNTROL_, io_cont rol ,QLARI’LLED ,a larm_led ,TRIGGER_LEF\D, 
SECOND_BEST , D I Q__D I SPLAY , PRP_D l SPLAY , SYS_D l SPLQY , REG_B; 

extern short b leed_valve ,STQTUS_DF_LEQD_SELECTIUN__PRDCESSING, 
CLDCK_RUNNING,ERRUR_CUNDITIDN,QLQRI‘1_DN,QBURT2 , 

NUDE_ I S_STUP , MODE_ I S_STQRT , ecg_con t rol ; 

extern unsigned short BLEED__URLUE,ECG_CDNTROL; 

/* 

Rout ine Name 
Parameters Passed 
Parameters Returned 
Cal 1 ing Rout ines 
Rout ines Ca 1 led 
Local Uar iables 

abort2 

abort2() 
(short. i; 

Disable elapsed time update, data acquisition, pump, 
dump and bleed valves. 

lt/ 

real_t ime__c lock_interrupt 
second_delay, display, clear_sr , stop 
i —— loop control ' 

ECG's, and open 



4,617,937 
17 

REG_B &- (DISQBLE_QIE 8. DISQBLEJDIE) ; 
CLOCK_RUNNING I NC]; 
IOJZUNTRDL I' io_control &= DUMP_UALUE_UPEN; 
IO_CONTRUL I ic_oontrol II PUP1P_DFF; 
BLEED_URLUE = b leed_valve II BLEED_UQLUE_DPEN; 
ECGJZONTRUL I ecg_cont rol &I DISQBLE_ECG_INT; 
NO_ECG_FOUND I ND; 
CURRENT_INT_TIME I PREUIOUS_INT_TIME I 0; 

18 

Alt 

Indicate error condit ion to user . The DIQSTULIC display mi 1 1 show the 
previous trigger lead which is no longer sat isfactory. 

4v 

ALQRILLED - alarm__led |- (TONE_HLARM_UN 1 ECB_LED_ON) ; 
ALHRH_ON - ERRDR_CONDITIEJN - YES; 
disp1ay(&SYS_DISPLAY," o 0 macs CHECK" ,17,-1 ,0) ; 
switch (TRIGGEFLLEADH 

case ECG__LEF\D1 : disp1ay(&DIA_DISPLQY," L1" ,2,-1,U) ; 
break; 

case ECG_LEAD2 : display(&DIA_DISPLHY," L2",2,-1,U)i 
- break; 

case ECG__LEAD3 : display(&DIQ_DISPLAY," L3",2,—1,U)i 
break; 

) 

c1ear_sr(LEUELD_INTERRUPT) ; 

Sound tone alarm For 1 second. 
*/ 

second_delay(1); 
ALQRPLON I ND; 
ALARILLED I alarm_led &.I TDNE__r-‘|LQRP1_DFF; 

/i- - 

Delay For a total 0F 10 seconds beFore al lowing the use of the second 
best lead conF igurat ion. This al lows the ECG circuitry to stabi l ize 
after a lead has come loose. 

For (i I U; i < 9 8.8. MODE_IS_STQRT; i++) 
second_de1ay(1); 

Reenab 1e periodic interrupts. 
#/ ' 

REG_B II ENQBLE_PIE,' 

/'l- _ 

Select the second best lead choice if‘ the user has not stopped the 
current measurement cycle. Do not change leads it‘ the user has 
manual 15: selected the lead. 

'i/ 

w it‘ (MDDE_IS_STQRT)( 

if (STQTUS_;OF_LEAD_SELECTION_PRDCESSING II YESH 
TRIGGER__LEHD I SECUND_BEST; _ _ 

ECG_CUNTRDL I ecg_contro1 &= CLEHR_L.EIQD_SELECTIUN; 
ECG_CUNTRCIL I ecg_contro1 lI TRIGGER_LEQD; 
ECG__CUNTRDL I ecg_control 8.= FLOQT_RESET_LUN; 
ECGJIUNTRDL I ecg_control II FLDRTJQESETJ-UGH; 
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> . 

else< 
stop(); 
return; 

) 

?r 

Reset variables once the 10 second delay is up. Set Flag to ‘process ' 
rout ine to signal recovery has occurred. Reeanable the e lapsed t ime 
update . Remove previous error messages from the displays and cont inue 
with the measurement . 

*/ 

ERROR_CONDITIDN I NO; 

QBURT2 I CLUCK_RUNNING I YES; 

REG__B II ENQBLE_HIE; 
disp1ay(&_PRP_DISPLHY," 0. 0 " ,8 ,—l ,0) i 
return; 

Ilcll 
"68000" 
SEXTENSIUNS DNS 
$ASM_FILE$ ., 

SUQRN UFF$ 
S INIT__ZERDES OFF$ 
$CALL_QB_S_LONG ClN$ 
$LIB_ABS_LDNG CINS 
#include "DEFINES'l 

'extern unsigned int bleed_va lve; 
extern int TRIBGER_LEHD,DIA_DISPLHY,PRP__DISPLAY,REG_B, IU__CUNTRUL, 

SYS_DISPLQY, io_cont rol ,?L?RM_LED,a1arm_led; 
_ extern short PROCESSING_LEGD_SELECTION,LEQDJ'IONITORING,LEQDS_F’RDCESSED, 

LEAD_PRDGRESS,LEAD_STQTUS ,LEmolc 1 ,LEQD2E 1 ,LEAD3E 1 ,Empt J , 
LEAD_SELECTION_COHPLETE,MDDE_IS__START,RLHRM_ON, 
CLOCK_RUNNING,ERROR__CUNDITION; ~ 

extern unsigned short BLEEDJJQLUE; 

A» 

Rout ine Name : abort3 w 
Parameters Passed : - 

Parameters Returned 1 YES —— signals ca 1 1 ing routine that abort 
procedure was successFul 

ND -- signals cal 1 ing rout ine that abort 
procedure Failed 

Cal 1 ing Routines i preprooess 
Rout ines Cal led : se lect_lead, dlisp lay 
Local Uariab les : i -- loop control 

*/ ~ 

abort3() 
(short i; 

/* 

Disable pump and open dump and bleed valves, 
'?/ 

IO_CDNTROL I io_control &-= DUNP__UQLUE_UPEN; 
IO_CDNTRDL. I io_control II PUMP_UFF; 
BLEEDJJQLUE I b leed_valve l= BLEED_UQLUE_DPEN; 
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Mr 

Sound tone alarm For 1 second and turn on ECG LED alarm. 
*/ 

RLQRI‘LLED I alarm_led II (TDNEJALQRHJJN I ECB_LED_UN) ; 
QLRRPLDN I YES; 

The DIASTULIC display ui l l tel l the operator which. trigger lead 
was last Funct ioning properly. 

*/ 

display(&SYS_DISPLHY," o n o",ls,-1,n>; 
switch (TRIGGEFLLEQDH ‘ 

case ECG_LEHD1 : display(B-DIQ_DISPLRY," L1" ,2,-1,U ) ; 
break; 

case ECG_LEAD2 : disp lay(&DlQ_DISPLQY, " L2" ,2,-1,0) ; 
break; 

case ECG_LEHD3 : display(&DI?_DISPL?Y, " L3" ,2,—l,0) ; 
break; 

) 

A: 

Get ivate lead select ion andv reset F lags. 
*/ 

PRUCESSING_LEQD_SELECTION I YES; 
LEQD_HONITORING I 1; 
LEQD_SELECTION_CUMPLETE I NO; 
LEQDS_PRDCESSED I LEQD_PRDGRESS I LEF\D_STQTUS = 0,’ 
For ( i I U; i < 3; i++) 

LEQDlEi ] I LERDQE i 1 I LEAD3££ 1 I BHDE i l I 0; 

Do lead select ion unt i 1 a new lead has been selected or the 
measurement is stopped. _ 

av h 

whi le (NODE_IS_STQRT && !LEAD_SELECTION_CDNP1,ETEJ 
se lect__lead(&L.EQD_PRDGRESS',&LEQD_MUNITOFZING,&LEQD_STHTUS) ,' 

Remove error message From the display and react ivate the elapsed 
t ime if a new trigger lead was successFu 1 1y selected and the user 
has not depressed the STOP key. . Cont inue with the measurement .. 

*/ 

iF (HODE_IS_STQRT)< 
d isp1ay(&PRP_DISPL?Y," 0. 0 " ,8 ,-1 , U) 5 
REG_B |= EINABLEJRIE; 
CLUCK_RUNNING I YES; 
ERRDR_CONDITION = N0; 
return(‘r'ES); 

) 

Either user was no longer in the RUN state 0? operat ion or 
a good trigger lead could not be selected. 

*/ 

return(NO); 
} 

"C" 
"68000" 
$EXTENSIONS DN$ 
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sunRN oFFs 

SCQLL_QBS_LDNG 0m 

$INIT_ZEROES OFF: 
#include "DEF'IHES" 

'extern int MULTIPLEXER, ID__CONTROL,QD_CONUERSION,TIMER2_CNTRL_REG, 
MSB3_BUFFER,TIHER3_LRTCH,mu1t ip lexer , io_contr‘o1 , 
t imer2_cntr1_reg; I 

exter‘n short DQTHJDK; 

/* 

Routine Name : acqui re_data 
Parameters Passed : ana1og_s ignal —- multiplexer channel to be 

sampled 
Parameters Returned 1 Q/D conversion results 
Ca 1 1 ing Routines : manua1_mode , cal_cuFf,p , rea1_t ime_inter-rupt , 

bleed, check_cuFF_pr-essure, oheck_system, 
Pump 

Rout ines Cal led : -- . 

Local Uariables temp -— temporary storage 
*/ 

acquire_data(ana log__s ignal 3 
int ana log_s ignal ; 
4 int temp; 

Reset. inval id data <F lag . 
eu/ - 

Select analog mult ip lexer 'ch'anne 1'. 
§/ 

MULTIPLEXER = multiplexer B." CLEQR_I‘1U><_CHRNNEL; 
HULTIPLEXER I mult iplexer i' ana lo‘g__:> ignall ; 

/* 

Init iate Q/D conversion. 
it/ . 

I.O__CUNTRDL I io_contro1 BF AD_START; 
temp I QD_CONUERSIUN; _ 

IO_CDNTROL = io__contro1 l‘ RD_REHD; 

/* _ 

Set a 40 microsecond delay time . Set the inval id data Flag if de lay 
time is up and date is not converted . 

1v 

TIMER2_CNTRL_REG '- t imer2_cnt r1_reg &= SELECT_PT3; 
HSB3_BUFFER = (NH; ‘ 

TIMER3_LATCH I 04H; 

Ah ‘ 

hlait For data ready bit to be set or the 40 ‘microsecond delay time 
to be up. ‘ 
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while (((TIMER2_CNTRL_REG & PT3__TIHE_OUT) -- NO) && 
(QD_CEINUERSI0N & F\D__DATA_NDT_READY)) 

J 

if (QD_CDNUERSIDN 8. QD_DATQ_NOT_REP:DY3 
DQTQJJK I NC]; 

return(HD_CUNUERSIUN 8. QD_DRTF\_NRSK) 3 
) 

NC" 
"68000" 
$EXTENSIDNS UNS 
$QSH_FILE$ 
SPAR ONS 
SLJQRN UFFS 
$ INIT_ZERUES UFFS 
SCQLL_QBS_LDNG ON$ 
$LlB_QBS'_LC|NG ON$ 

At 

Rout ine Name : add_t ime 
Parameters Passed : t imel -- F i rst t 1me 

time2 -- second time 

Parameters Returned : t imel # t ime2 
Calling Rout ines : preprocess , bleed 
Rout ines Cal led : — 

Local Uariab les : sec —— total seconds 

min -— total minutes 

secl —— seconds 0*‘ timel 

minl -- minutes oF timel 

sec2 —— seconds 0? ._t_ime2 
min2 -— minutes of time2 

add_t ime(t imel, t ime2) ‘ 
int t imel, t ime2; 
( int secl ,minl,sec’2,min2_,sec ,min; 

lnit ielize minute variable. 
*/ 

min =7 0; 

Determine second and minute va lues ., 
*/ 

min]. -= (short J (t imel / 100) ; 
secl = (short ) (t imel $6 100) ; 
min2 - (short ) (t ime2 / 100) ; 
sec2 = (short) (t ime2 56 100) ; 

?r 

Increment minutes and subtract 60 from seconds i? the seconds variable 
overflows. 

ii/ 

if ((sec I secl + sec2) > '59 )( 

min++; 
sec —= 60; 

> 

Subtract 100 From minutes if‘ the minutes varia-b le overFlows. 
*/ 






































































































































































































































